This retrospective follow-up study explored the status of patients with myocardial infarction with regard to the likelihood of being readmitted to the hospital within 30 days after undergoing coronary artery bypass surgery (CABG) and their survival status within one year of the procedure.
A ccording to the World Health Organization, cardiovascular disease is the leading cause of death worldwide, accounting for a third of all diseaserelated deaths. 1) Furthermore, the number of people who die from cardiovascular diseases has also been increasing annually. According to the Ministry of Health and Welfare in Taiwan, chronic diseases accounted for 77.5% of the total deaths in 2014. Malignant tumors accounted for 197.0 deaths per 100,000 people, followed by heart diseases (82.9) and cerebrovascular diseases (50.1). Coronary artery disease (CAD) is currently a major public health and medical treatment issue in developed and developing countries. 2) In 2012, an estimated 17.5 million people died from CAD-related diseases, which accounted for 31% of all disease-related deaths worldwide in that year. Among those, 7.4 million people died directly from CAD and 6.7 million people died from associated stroke. In 2030, an estimated 23.3 million people are expected to die from cardiovascular diseases, with heart disease and stroke being the primary causes of such deaths. 3) Once patients are diagnosed with CAD, their treatment is generally divided into internal medicine-based therapy and surgical operations. The former includes oral delivery, intravenous injection, percutaneous transluminal coronary angioplasty (PTCA), and the use of coronary artery stents. The latter primarily involves coronary artery bypass grafting (CABG). 4) The selection of the treatment approach by physicians is based on a variety of clinical factors (e.g., disease severity) as well as patients' factors (e.g., age, comorbidity, chronic diseases, and the number of vascular occlusions). Nevertheless, patients must consider their physician's suggestions as well as the costs of medical treatment. Thus, patients and physicians must reach an agreement with regard to the most suitable treatment method. 5) The number of CAD-related deaths in Taiwan and related surgical treatment costs have continued to grow. Of all the cardiovascular disease-related surgical treatments, CABG is the most common, but it is also highly risky and expensive. 6) Inappropriate postoperative care after Tseng, ET AL
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Flowchart of study subjects.
CABG is strongly correlated with patient mortality; therefore, 7, 8) improving the quality of care to reduce the risks of rehospitalization and emergency room visits can significantly reduce the burden on frontline emergency room medical personnel and the National Health Insurance (NHI). 9) In this study, we investigated the rates of rehospitalization and emergency room revisits after undergoing CABG, with the aim of determining the adequacy of healthcare resource utilization under limited resources. (CABG health codes containing 68023, 68024, or 68025  as the first five digits, and medical treatment payment  codes 97901K, 97902A, 97903B, 97906K, 97907A,  97908B, 97911K, 97912A, or 97913B) . We then analyzed follow-up data related to rehospitalization and emergency room revisits within one month after CABG treatment as well as their mortality status one year after the treatment. The figure illustrates the data sampling procedure.
Study variables:
Patient variables (1) Gender: In accordance with the registry for beneficiaries, the letters "F" and "M" were used to represent female and male patients, respectively. (2) Age: The age at which the patient was hospitalized and received CABG was noted according to the date of birth recorded in the registry for beneficiaries. (3) Charlson Comorbidity Index: The disease severity of the patient was adjusted using comorbidity calculation methods.
10) (4) Patients were assessed according to whether they were rehospitalized or revisited the emergency room within 30 days after CABG. (5) Treatment method included CABG  codes containing 68023A-68025A, 68023B-68025B,  97901K, 97902A, 97903B, 97906K, 97907A, 97908B,  97911K, 97912A, 97913B, 97916K, 97917A, Inferential statistical analysis involved analyzing the reasons that led to the patient revisiting the emergency room or being rehospitalized within 30 days following discharge from the hospital after CABG surgery. Multivariate analysis was performed using the Cox regression model, in which related factors were controlled and the mortality statuses, rehospitalizations, and emergency room revisits of different groups were investigated. In addition, to verify the effect of the hierarchical data on the mortality risk, we adopted hierarchical logistic regression modeling to test the effects of the hospital and patient variables on mortality risk. The significance level was set as P < 0.05.
Results
Table I presents the distributions of basic variables of patients with MI with respect to their mortality status one year after discharge from the hospital following CABG. Male patients outnumbered female patients in both the surviving and deceased groups, and female patients presented a higher mortality rate than the male patients. Nei-Tseng, ET AL ther heart failure nor infected wounds were significantly related to mortality status. The surviving patients significantly outnumbered the deceased patients. The average age and comorbidity index in the deceased group were significantly higher than those in the survival group. No differences were observed between the surviving and deceased groups with regard to hospital variables (hospital level, teaching hospital or non-teaching hospital, or ownership type). Patients in the surviving group presented a larger number of hospitalization days than the deceased group; however, the difference did not meet the level of significance. Finally, the number of patients in the deceased group who visited the emergency room following the initial hospitalization exceeded that in the surviving group; however, the difference did not meet the level of significance. Table II lists the distributions of the basic variables of patients with MI with respect to rehospitalization status within one month after being discharged following CABG. Male patients outnumbered female patients in both the rehospitalization and no-rehospitalization groups. The average age and comorbidity index in the rehospitalization group were significantly higher than those in the no-rehospitalization group. Heart failure and wound infections were both shown to be significantly related to rehospitalization. No differences were observed with regard to any of the hospital variables in the rehospitalization and no-rehospitalization groups. The number of hospitalization days and associated costs in the rehospitalization group significantly exceeded those in the no-rehospitalization group. Finally, no significant differences were observed between the two groups with regard to patient status during the first emergency room visit; however, the mortality rate in the no-rehospitalization group was significantly higher than that in the rehospitalization group. Table III illustrates the distributions of basic variables of patients with MI with respect to their emergency room visits within one month after discharge from the hospital following CABG. Again, a larger number of male patients than female patients were in the revisit and no-revisit groups. The age of patients and comorbidity index in the revisit group were higher than in the no-revisit group. Heart failure and wound infections were both significantly related to emergency room revisits. No differences were observed between the two groups with respect to hospital variables; however, patients in the revisit group were hospitalized for significantly longer than those in the norevisit group. Finally, no differences were observed be- tween the two groups with regard to status during their first emergency room visit; however, the mortality rate in the no-revisit group was significantly higher than that in the revisit group. Table IV shows the effects of specific variables on the survival of patients with MI one year after discharge from the hospital following CABG. Following adjustment of the variables, the rehospitalization group presented a mortality risk 0.34 times that of the no-rehospitalization group (95% confidence interval (CI): 0.13-0.94), whereas the group that revisited the emergency room presented a mortality risk 0.09 times that of the no-revisit group (95% CI: 0.02-0.38). Clearly, emergency room revisits and rehospitalization lowered the risk of death. The risk of mortality among patients who visited the emergency room was 1.70 times that of patients who did not visit (95% CI: 1.05-2.76). The risk of mortality among male patients was 0.53 times that among female patients (95% CI: 0.38-Tseng, ET AL 0.74), and the effect was statistically significant. The risk of mortality was shown to increase significantly with age (hazard ratio (HR): 1.05 times; 95% CI: 1.03-1.07), and comorbidity index (HR: 1.10 times; 95% CI: 0.97-1.24); however, the effects were not significant. The risk of mortality in public hospitals was 1.06 and 1.72 times higher than in consortium and private hospitals, respectively (95% CI: 0.71-1.59 and 0.99-2.99, respectively); however, the effects were not significant. In teaching hospitals, the risk of mortality was 0.80 times that of non-teaching hospitals (95% CI: 0.41-1.59); however, the effect was not significant. We used the multiple Cox regression model to examine the influence of independently associated risk factors on rehospitalization status within one month after discharge from the hospital following CABG. As shown in Table V , following adjustment for confounding factors, age (HR: 1.03, 95% CI: 1.01-1.05), days of hospitalization (HR: 1.02, 95% CI: 1.01-1.04), and hospital ownership (private versus public) (HR: 1.96, 95% CI: 1.08-3.57) were significantly related to rehospitalization. Table VI shows that age (HR: 1.02, 95% CI: 1.01-1.04), comorbidity index (HR: 1.13, 95% CI: 1.01-1.27), heart failure (yes versus no, HR: 22.58, 95% CI: 6.26-81.49), wound infections (yes versus no, HR: 6.02, 95% CI: 2.51-14.43), and days of hospitalization (HR: 1.01, 95% CI: 1.00-1.03) were significantly positively associated with revisiting the emergency room.
CARE UTILIZATION FOR PATIENTS WITH ISCHEMIC HEART DISEASE
Hierarchical logistic regression was used to verify the effects of hospital and patient variables on the risk of mortality. As shown in Table VII , the hospital variables did not appear to have a significant effect on patient deaths in the aforementioned survival analysis; however, significant effects were observed following a hierarchical transformation. The hospital variables were associated with a -8.88 risk of mortality (95% CI: -11.06 to -6.70), which indicates that the assessments of hospital variables in the survival analysis (while controlling for other variables) was insufficient to truly represent the effects. Using hierarchical logistic regression analysis, the risk of mortality in the no-rehospitalization group was 1.11 times higher (95% CI: 0.07-2.15) than the results obtained using survival analysis. The risk of mortality in the no-revisit group was 2.55 times higher (95% CI: 1.13-3.97), and the risk of mortality among patients who did not visit the emergency room was 0.66 times lower (95%CI: -1.19 to -0.13). All these differences are statistically significant. After controlling for the effects of hospital variables, rehospitalization and emergency room revisit were still shown to decrease the risk of mortality, whereas visiting an emergency department was shown to increase the risk of mortality. Similar effects were observed with regard to gender, age, and comorbidity index. Specifically, the risk of mortality among female patients was still higher (0.75) than that among male patients (95% CI: 0.39-1.10). Higher age was shown to be associated with a higher risk of mortality (β = 0.05, 95% CI: 0.03-0.07). A higher comorbidity index was shown to be associated with a higher risk of mortality (β = 0.12, 95% CI: -0.02to 0.25); however, this difference was not significant.
Discussion
An aging population has led to annual increases in the number of patients suffering from heart disease. Efficient usage of medical budgets is crucial for the maintenance of a sustainable healthcare system. 11) Most previous studies (domestic and foreign) have focused on treatment options, surgery prognosis, and the effects of the diagnosis-related group payment system since its implementation in the Taiwanese healthcare system. 12) Few studies have explored the reasons for rehospitalization among patients who received CABG heart surgery. Rehospitalization can be attributed to a variety of causes, and most studies have shown that it is most likely linked to early hospital discharge and/or medical complications. This can endanger the life of the patient and increase the cost of medical treatment while incurring a heavy burden on the patients' friends and family. Clinical-epidemiological aspects of care after CABG: CABG involves high initial costs and lowers the healthrelated quality of life of patients. Early rehabilitation therapy in patients requires prolonged mechanical ventilation after CABG. 13) However, long-term observations of the coronary artery lesions of patients who underwent percutaneous coronary intervention (PCI) demonstrate that this procedure is a cost-effective approach to reconstruct the blood flow. 14) Because CABG is more invasive than PCI, the selection of each revascularization treatment should depend on the lesion complexity, patients' characteristics, and comorbidities. 15) A number of aged patients prefer PCI to CABG based on surgical intolerance or subjective preference. 16) Johnson, et al. reported that those who are overweight or obese have a lower mortality rate than those who are of normal weight, underweight, or morbidly obese. They also have fewer adverse prognoses pertaining to cardiac surgery. These findings could influence medical resource planning, such that treatments are shifted toward patients who are morbidly obese or underweight.
7) Sedrakyan, et al. found that off-pump CABG surgery greatly reduces the risk of stroke (compared with CABG surgery); however, it has been associated with atrial fibrillation and infection. 17) Stenman, et al. reported that among patients with depression, the risk of experiencing MI, heart failure, or strokes is strongly correlated with increases in their mortality rate or rehospitalization rate, and that ischemic heart disease is correlated with CABG. Patients who undergo CABG surgery must endure intensive postoperative recovery far exceeding that of patients who undergo general surgery. 18) Most patients who undergo CABG are aged 60 years or above, which makes them highly susceptible to the intensive care unit syndrome. Their heightened emotional state can easily lead to postoperative hemodynamic instability, which can further affect the recovery of heart function. The issue of depression was beyond the scope of this study and should be discussed in future studies. Holzmann and Sartipy reported that CABG surgery is not significantly correlated with the risk of stroke, MI, heart failure, and/or death among patients with renal insufficiency within the first three months after undergoing the operation. 19) Caruba, et al. noted that medication for stable angina pectoris is the least expensive alternative (US$3,069-13,864/1-3 years), whereas CABG is the most expensive (US$27,003-28,670/1-3 years). Among patients who received PCI, the costs of bare-metal stents or drug-eluting stents are identical to the costs associated with CABG, which means that patients with this condition may opt to use medications in order to lower their medical costs. 20) In a previous nationwide population-based cohort study, researchers demonstrated that the mortality rate in an isolated cohort of individuals who underwent CABG surgery was higher in the first 30 days than that in the general population. 21) Our findings confirm those obtained in previous studies by showing that females referred for CABG surgery have higher absolute mortality estimates than their male counterparts. 22) This may have been due to the fact that these female patients were older than the males at the time of surgery, which in turn reflects a sexspecific difference in the stages of atherothrombotic pathology. 21) We also found that the mortality rate of patients who were rehospitalized or revisited the emergency ward within 30 days after being discharged from the hospital after CABG was lower than among those who were not rehospitalized or did not revisit the emergency ward. This may be attributed to the fact that those who were rehospitalized or revisited the emergency room were older and had a higher comorbidity index, which made them more sensitive to abnormalities in their health and prompted them to seek immediate medical treatments when experiencing discomfort. From a clinical perspective, our findings show the substantial variations in survival in the various risk groups comprising patients with MI. This implies that physicians could assess the prognosis of each patient according to their risk profile, thereby providing a more informed opinion prior to CABG surgery. Utilization of emergency and hospitalization resources following CABG: Readmission to the hospital within a short period after the initial discharge can add substantially to the cost of healthcare. 6) In this study, we sought to identify the reasons for rehospitalization and revisits to the emergency ward within 30 days of being discharged from the hospital after CABG surgery. Our results showed that 10.60% (167/1,575) of the patients with CABG included in this study were rehospitalized within 30 days after being discharged. Among these cases, 11.3% were admitted due to surgical wound infection, 10.3% due to ischemic heart disease, and 8.7% due to heart failure. Li, et al. showed that 13.2% of patients who were discharged from hospitals in California were rehospitalized within 30 days after undergoing CABG. Among these cases, 15.3% were admitted due to heart failure and 12.9% due to surgical wound infections. 23) Hannan, et al. reported that the most common reasons for rehospitalization were surgical wound infections (16.9%), heart failure (12.8%), and other postoperative and/or medical and healthcare-related complications (9.8%). They also reported that aging, female sex, African descent, a high body mass index, a high comorbidity index, postoperative complications (e.g., kidney failure), differences in medical insurance or medical treatment conditions, and differences in the length of hospitalization were all highly correlated with a high rate of rehospitalization, ranging from 8.3% to 21.1%. Although the patients' short-term mortality rate decreased, their 30-day hospital readmission rate remained high. The correlation between rehospitalization and mortality rate is very low; therefore, the former cannot be used as a primary measure of mortality rate. 6) Ischemic heart disease is known as the most common underlying cause of heart failure in the world. The prognosis of patients with heart failure due to ischemic heart disease also appears to be worse than that related to many other etiologies. 24) Early intervention after diagnoses of graft failure by angiography should decrease the development of large myocardial injury and prevent the incidence of severe myocardial pump failure. 25) Both CABG and ischemic heart disease may influence both the patients' choice of treatment and its efficacy. In addition, previous studies showed that perioperative myocardial injury, preexisting left ventricular systolic dysfunction, and stunning due to reperfusion injury could all contribute to heart failure post CABG. 25) From the viewpoint of preventive medicine, statins have an established role in the primary and secondary prevention of cardiovascular complications. The possible mechanisms included reduction of inflammation and oxidative stress, improvement of vascular endothelial function, and management of postoperative hyperlipidemia or dyslipidemia. Cardiac rehabilitation programs could be the tertiary prevention approach to soften the impact of post CABG that had long-lasting effects. 26) Researchers have investigated a number of aspects of CABG surgery. Our objective in this study was to identify the factors that contribute to rehospitalization following this surgery. Our results revealed that rehospitalization is related to chronic diseases, such as diabetes, which is also one of the main causes of atherosclerosis. We found that 8.72% of patients in this study were rehospitalized due to diabetes, and that the likelihood of rehospitalization increased with age and comorbidity index. Another study reported that preoperative patient evaluations (e.g., assessments of patients' age, severity of vascular occlusion, and chronic diseases, such as hypertension, diabetes, and lung disease) and postoperative care quality (e.g., physicians' proficiency and experience in performing surgery, the professionalism of medical teams, and quality of medical care) are highly correlated with rehospitalization. The factors that boost rehospitalization rates are related to postoperative complications and are therefore considered an important indicator of medical care quality. 23, 27) Osnabrugge, et al. demonstrated that surges in the costs of healthcare in the United States have incurred a considerable burden on society and pose a threat to fiscal stability. Thus, in 2015, the US government implemented of the Affordable Healthcare Act, with the aim of using linked measures to pay medical insurance disbursements, thereby maximizing the efficiency of resource utilization and lowering medical costs. The efficiency of resource allocation by physicians is related to the medical costs paid by inpatients. The fact that more than 200,000 cases of CABG surgery are performed in the US every year means that enhancing the use of relevant resources is an outstanding opportunity to increase the value of health insurance, as measured by the combination of clinical care quality and resource utilization. 28) Price, et al. reported that among patients who underwent unplanned surgery, those who underwent emergency surgery and those with abnormal serum creatinine levels (> 2.5 mg/dL) were more prone to rehospitalization. 29) Hannan, et al. and Stewart, et al. reported that patients with kidney and lung diseases are more likely to be rehospitalized. 30, 31) Nonetheless, the NHI database does not provide data included in examination reports or the time at which patients were hospitalized; therefore, we were unable to determine whether rehospitalization or revisits to the emergency room were influenced by related factors. Inclusion of such data would facilitate the comprehensiveness and accuracy of this study.
Among the patients in this study who underwent CABG surgery, 6.87% revisited the emergency room within 30 days of being discharged. Among these cases, 12.9% were admitted due to ischemic heart disease, 11.4% due to insomnia and dizziness, and 9.2% due to difficulty in breathing. The likelihood of emergency room visits and the duration of rehospitalization were significantly positively correlated with age and comorbidity index. Saab, et al. reported that 9.1% of patients who underwent CABG surgery were rehospitalized and 13.6% revisited the emergency room within 30 days after being discharged. The common reasons for rehospitalization were pleural effusion and difficulty in breathing. The most common reasons for revisiting the emergency room were difficulty in breathing and surgical wound infections, the likelihood of which increased in cases where patients experienced bundle branch blocks. Thus, medical personnel involved in CABG surgeries are advised to closely monitor respiratory signals and remain vigilant against surgical wound infections.
32)
Perceived limitations: One of the major limitations of this study is the fact that the health status and lifestyle of patients could influence the survival rate one year after undergoing CABG. Nevertheless, an analysis of this kind of data was beyond the scope of this study and therefore has only a limited effect on our results. The reasons for selecting CABG over PTCA may be related to the availability of clinical medical resources or the advice patients received following preoperative evaluations, and information related to these issues was not available in the database. No data were available pertaining to the death of patients who passed away immediately after surgery. Further, the major reasons of readmission in this study were ischemic heart disease, heart failure, and wound infection. However, it is difficult to show the precise data about the graft potency, the ratio of complete revascularization, and the patients who underwent optimal medical therapy. Finally, all data in the NHI Research Database are anonymous, such that relevant clinical variables, such as serum laboratory data, imaging results, clinical symptoms, confirmation data of graft patency, and pathology findings were unavailable for analysis. Despite the meticulous study design and control measures for confounding factors, bias resulting from unknown confounders may also have affected our results.
Conclusions
In this study, readmission to the hospital and emergency department visits within 30 days after being discharged following CABG were shown not to influence one-year survival. Furthermore, we were unable to identify any links between patient-and hospital-level characteristics and the risk of readmission to the hospital and emergency department visits after CABG. The mortality rate within one year was higher in the CABG group via emergency department visits. Taiwan's NHI administration could implement as a policy an increase in payments to medical institutions that prevent readmission within 30 days. This would help decrease the consumption of medical resources.
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